Abstract ： ： ： ： To ensure a given chord error, through the division of the cusp, the NURBS (Non-Uniform Rational B-Splins) curve is divided into several sections and the speed of the various sections is planned accordingly. The acceleration and deceleration time period is recalculated, which results in a smooth speed transition curve.
The trajectory look-ahead control or speed look-ahead control is a key technique of numerical control system. If there are sharp changes in the feeding direction, the feeding track monitoring system will be slow down in some way. If the change in the direction of feeding is smooth, the system will rapidly increase the feed rate to the maximum programming speed.
Determine the number of look-ahead segments
Using a complete "accelerated, uniform, deceleration" on the non interpolated curve as the interpolator look-ahead segment length, that is, it is to be determined by the seven mode model reference length of the five sections of S Curve acceleration and deceleration model. Taking into account the extreme situation, when the initial and terminal speed 0
Where, F is the feed rate. J max is the jerk.
NURBS interpolation algorithm with the look-ahead real-time Cusp detection. There are two criteria to detect the cusp [5] . The first criterion to determine the cusp is: at the cusp, the derivative of the curvature is 0. The formula is as follows. Where, u k is the node vector of the possible cusp. k(u) is the curvature, it is calculated as.
The second cusp identification criterion is: the curvature of cusp exceeds the limit k th . The curvature limits k th . is calculated as follows. Only the point meets the above mentioned two criteria will be identified as the cusp. Calculation the cumulative segment length. The cumulative segment length L c (1,2,…,m) can be calculated.
After the length of each segment L seg m is obtained, the calculation of the cumulative segment length L c (1,2,…,m) is very easy. The adaptive feed rate based on the chord error limit. The real-time NURBS interpolation uses the straight line to approximate the curve, so it is inevitable that there is arc chord error ER. It requires the system to conduct the real-time dynamic adjustment to feed rate during the real-time interpolation to ensure high contour accuracy during the high-speed processing. By the geometry relationship shown in Fig.1 , ER can be calculated. Fig.1 The chord error
It can be seen that the chord error is related to the length of every step and the interpolation curvature. When the actual error is within the allowable range, still to calculate the interpolation step according to the given feed rate; if the actual error exceeds the allowable range, the actual processing speed must be reduced, and to calculate the interpolation step in accordance with the required tolerance. Therefore, the adaptive feed rate V af based on the chord error is introduced, the formula is
Mechatronics and Information Technology
Where,
, after obtaining the curvature. i ρ can be known, the formula to calculate the curvature is shown in Fig 1. Calculation the adaptive feed rate on the basis of curvature. The curvature-based feed rate is calculated as follows.
Where, k cbc is the given curvature value maintaining the continuous derivative of V cbf , when K(u i )=0, V cbf =F. K(u i ) is the curvature at points u i of the NURBS. F is the given feed rate of the NC program.
The feed speed at a given point on the curve is:
Rate planning. For given limit conditions, such as: A max , J max , F, after the calculation of the parameters L seg m , V str , V end , V max of each sub-section, corresponding to the control S-curve acceleration and deceleration curve, to compute the rest of parameters of acceleration and deceleration T str , T end , T c , J str , J end . The five parameters will be used in the next step real-time interpolation process. After comprehensive consideration, the feed rate of deceleration methods is specified into the following 7 types, as shown in Figure 2 . Then in connection with the different types, the corresponding solution is used to plan the trajectory of the segment. The specific process is given as follows:
where, L r1 is the minimum required length ofⅡ, Ⅲ. L r2 is the minimum required length that can be planned into the type Ⅵ. L r3 is the minimum required length that can be planned into the type Ⅶ; when (V str =V max ) or (V end =V max ). L r4 is the minimum required length that can be planned into the types Ⅳ or Ⅴ. , ,
can be classified as type Ⅵ. According to the type Ⅵ feed rate features as shown in Figure 5 , the following formula can be established. Forum Vols. 2-3 525 Fig.2 The types for the 5S-shape acceleration and deceleration control 2 2 max max max str str end end (18) . Similarly, the parameters of other mode can be obtained.
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V V J T V J T = + = + (16) max max ( ) ( ) C seg str str str end L V V T V V T = + + +(17)V V L V J T T T V J T T J − = + + + + +(19)f T J V V T J L T V V T = − + − −(20)
Summary
In the adaptive process, the feed rate of the appropriate acceleration and deceleration method using speed and jerk constraint is re-planned. This article introduced a simplified calculation of model, and carried out a detailed analysis to the five-phased S curve acceleration and deceleration control method, the method can eliminate the feed velocity and acceleration sudden change phenomena during the process of feeding, and it also can improve the smoothness of the feeding movement, the interpolation trajectory obtained can guarantee a stable and no impact manufacturing process, which is helpful to improve manufacturing precision and quality.
